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近年来，随着对 HEV 研究的深入，较好模拟了 HEV 病毒衣壳表面结构的重组蛋
白为研究 HEV 与宿主细胞相互作用提供了一条新的途径。 
HEV 衣壳由单一蛋白（pORF2）组成，大量研究表明 pORF2 的重组表达片
段 p239（aa368－606）很好地模拟了 HEV 的免疫优势中和表位。p239 对 HEV
与原代肝细胞、HepG2 细胞的吸附阻断，p239 对多株细胞系具有与 HEV 相似的
嗜性，以及多株 HEV 特异单抗对 p239 与 HepG2 细胞结合的特异阻断，强有力
地提示 p239 同时也很好地模拟了 HEV 与细胞膜的结合所具备的表面结构特征。









缺失了 aa423-438 的 p239 突变体△239 保留了免疫优势中和表位，与 p239
一样均能阻断天然 HEV 对 HepG2 细胞的感染吸附。而丧失免疫优势表位的 233N
则不能有效阻断。此结果表明 HEV 与嗜性细胞的结合很可能同 p239 与 HepG2
细胞之间的结合一样，也是通过这两个区域，并且主要免疫优势区域（ORF2 
aa459-606）在 HEV 与细胞结合过程中发挥主要作用。 













摘         要 
II 
相结合的蛋白：肝细胞药物代谢酶（p450）、转化相关蛋白（TRP13）、p38 相结
合蛋白（p38IP）、DDAH2。并通过免疫共沉淀初步验证了 p38IP 与 E2 的结合，
提示 HEV ORF2 激活 MAPK p38 通路的可能。 
通过亲和层析筛选 HepG2、猴肝组织中与 p239 相结合的蛋白，并利用二维
电泳（2-DE）结合生物质谱技术分离鉴定这些结合蛋白，得到 6 个可能与 p239
相互作用的蛋白：HSP90、GRP78/Bip、alpha tubulin、P43、ATPase beta subunit、
某未命名蛋白。并通过免疫共沉淀、细胞共定位等多种实验手段进一步验证了
GRP78/Bip、HSP90 与 p239 的结合。结果表明，GRP78/Bip 与 p239、HSP90 与
p239 在 HepG2 细胞内共定位。并且 p239 与 E.coli 表达经纯化的 GRP78/Bip 可
直接结合，提示它们在细胞内的相互作用不是经由第三者为中介的结合。同时， 
ATP 的加入会导致 p239 与 GRP78/Bip 结合的可逆解离，提示 p239 与 GRP78/Bip
的结合是 ATP 依赖的特异性结合，GRP78/Bip 的 ATPase 活性在这种结合中有重
要的作用。  
本文建立了能较好模拟 HEV 与细胞的吸附过程的 p239-HepG2 吸附模型，
进一步发现 HEV 上至少具有两个细胞受体结合区域。其中一个结合力较强的区
域与 HEV 主要中和表位区域重叠，而另一个区域结合力较弱。为阐明 HEV 吸附
机制奠定了良好基础，并提供了重要的研究工具。而对细胞内的 p239 结合蛋白



















A Primary Study of Infection Mechanism of Hepatitis E 
Virus on Hepatocytes 
 
ABSTRACT 
Hepatitis E Virus [HEV] has emerged to be a dominant cause of acute hepatitis, 
replacing hepatitis A virus in some areas and comparable in others.  Research into 
pathogenesis and epidemiology of infection caused by this virus has been severely 
hampered, because the virus could not be efficiently propagated in cell culture.   
Previous studies suggest that p239, a recombinant protein specified by ORF2 of 
the HEV genome, models the HEV neutralization sites identified by the HEV 
neutralizing antibodies, 8C11 and 8H3, as well as other structural features of the 
protrusion projecting from the basal shell of the virus capsid identified by other 
monoclonal antibodies.  Taking advantage of this structural resemblance, the 
objective of my thesis is to use this peptide as a probe to study interaction of HEV 
with its host cells.  To this end, I have established a transient infection model for 
HEV, using the HepG2 and a variety of other cell line and analyzed the interactions 
between these cells and p239.  
The results suggest that binding of p239 to HepG2 cells may occur via at least 2 
separate sites locating to aa423-438 and aa459-606, respectively, of the HEV 
structural protein.  These sites were distinguished by using a panel of monoclonal 
antibodies and also by mutagenesis.    
Further analysis identified at least 7 host cell proteins which bind with p239, and 
suggest that these p239 binding host cell proteins include HSP90、GRP78/Bip、alpha 
tubulin、P43、ATPase beta subunit and an unknown cellular protein. Moreover, it was 
shown that binding of p239 to one of these cellular proteins, GRP78/Bip, is ATP 
dependent.    
The most critical step of infection is for virus to gain entry into its host cells. 















protein, p239, to neutralization sites and other structural features of the HEV capsid, 
and use it as a probe to analyze the mechanism by which the virus gain entry to its 
host cells. The findings that p239 could effectively block HEV infection of a variety 
of cell lines susceptible to infection by this virus suggests that this novel approach is 
valid for studying virus-cell interaction.  The findings described in this thesis suggest 
that this is a complex process, brought about by concerted actions involving direct and 
indirect binding of the virus structural protein with multiple of host cell proteins 
locating to spatially distinct sites on the virus capsid, and the process may require 
energy expenditure.  Further studies will be required to identify the major cellular 
proteins involved in direct and indirect binding with the virus and how the interactions 
act in concert to bring about HEV entry to host cells.     
 
 



































AD: transcription Activating Domain, 转录激活区 
Amp: Ampicillin, 氨苄青霉素 
BD: DNA Binding Domain, DNA 结合区 
BIA: Biospecific Interaction Analysis, 生物特异相互作用分析 
CaM: Calmoduline Sepharose 4B, CaM 介质 
CAR: The coxsackie and adenovirus receptor, 科萨奇及腺病毒受体 
CAV-9: Coxsackievirus A9, 科萨奇 A9 病毒 
CBP: Calmodulin- binding peptide, 钙调蛋白结合多肽 
Da: Dalton, 道尔顿 
DAF: The decayaccelerating factor (a GPI-anchored protein), 加速衰老因子 
DDM: n-Decyl-α-D-Maltopyranoside, n-癸基-α-D-麦芽吡喃糖苷 
ELISA: Enzyme-Linked ImmunoSorbant Assay, 酶联免疫吸附测定 
EM: Electron Microscopy, 电子显微镜 
ER: Endoplasmic Reticulum, 内质网 
ET-NANBH: Enterically Transmitted Non-A Non-B Hepatitis, 急性传染性非
甲非乙肝炎 
Fab: Fragment-antigen binding, 抗体的 Fab 段 
Fc: fragment crystallizable, 抗体的 Fc 段 
FRET: Fluorescence resonance energy transfer, 荧光共振能且转移技术 
HBV: Hepatitis B virus, 已型肝炎病毒 
HCC: Hepatocellular carcinoma, 肝细胞癌 
HCCA: α-cyamo-4- hydroxycinnamic acid, α-氰基-4-羟基肉桂酸 
HCV: Hepatitis C virus, 丙型肝炎病毒 
HE: Hepatitis E, 戊型肝炎 
HEV: Hepatitis E Virus, 戊型肝炎病毒 
HIV: human immunodeficiency virus, 人类免疫缺陷病毒 
HPLC: High Performance Liquid Chromatography, 高效液相色谱 
HSP: Heat shock protein, 热休克蛋白 
IFN: interferon, 干扰素 
Kan: Kanamycin, 卡那霉素 
kD: kilo Daltons, 千道尔顿 
mAb: monoclonal Antibody, 单克隆抗体 
MALDI-TOF-MS: Matrix-Assisted Laser Desorption/Ionization- Time Of 















MAPK: Mitogen-Activated Protein Kinase, 有丝分裂原激活的蛋白激酶 
MHC I: Major histocompatibility complex class I,  I 型主要组织相容性复合
物 
NCBI: National Center for Biotechnology Information, 美国国家生物技术信
息中心 
ORF: Open Reading Frame, 开放读码框架 
P38IP: P38 interaction protein, P38 相互作用蛋白 
PMF: Peptide Mass Fingerprinting, 肽指纹图谱 
PST: Peptide Sequence Tag, 肽序列标签 
RNAi: RNA Interference, RNA 干扰 
RT: Remained Time, 保留时间 
siRNA: small interfering RNA, 小分子干扰 RNA 
SPR: Surface Plasmon Resonance, 表面等离子共振 
SV40: Simian virus 40, 猿病毒 40 
2-DE: Two-dimensional del electrophoresis, 二维凝胶电泳 
VLP(s): Virus-Like Particle(s), 类病毒颗粒 
VOPBA: Virus overlay protein blot assay, 病毒铺覆蛋白印迹技术 
VSV: Vesicular Stomatitis Virus, 水泡性口炎病毒 
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图 1 病毒内化途径[30] 
Fig.1 Endocytic Pathways Used by Viruses[30] 
(A) Macropinocytosis is involved in the entry of adenoviruses. 
(B) A clathrin-independent pathway from the plasma membrane 
(C) The clathrin-mediated pathway via early endosomes to late endosomes and eventually to lysosomes. 
(D) The caveolar pathway 
(E) A cholesterol-dependent endocytic pathway devoid of clathrin and caveolin-1 
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图 2 笼型蛋白介导及胞膜窖/脂伐介导的病毒内化电镜照片[20, 30] 
Fig.2 Electron Micrographs Showing Virus Internalization by Clathrin- or Caveolar/Raft-Mediated[20, 30]  
Semliki Forest virus is internalized in BHK-21 cell, A: by clathrin-coated pits; B: by vesicles;  
SV40 binds to gangliosides in the plasma membrane of CV-1 cells and enters via caveolae (C).  
SV40 are transported through caveosomes to the ER, where many accumulate in smooth membrane domains (D). 
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